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Abstract 
We present the first Belgian records of potentially invasive alien crayfish of the 
Procambarus acutus species complex, including the first confirmed record of P. acutus 
acutus. The species complex was observed at four different sites in three provinces 
in the north of the country. Only at one site the presence of a form I male specimen 
made identification to species level possible, based on gonopod morphology. The 
other three observations are considered as belonging to the P. acutus species complex. 
Procambarus acutus acutus is the fifth alien crayfish species known to Belgium. In 
Europe, it was previously only known as an established alien species from the 
Netherlands and Great Britain. 
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Introduction 
While native crayfish are under serious threat and face extinction in many 
European countries (Boets et al. 2009, 2012; Holdich et al. 2009; Richman 
et al. 2015), the number of alien crayfish species has increased rapidly 
(Kouba et al. 2014). In Central and West-Europe there are to date twelve 
invasive alien crayfish species present with established populations (Kouba 
et al. 2014; Collas 2019a). Four of these, Faxonius limosus (Rafinesque, 1817), 
Pacifastacus leniusculus (Dana, 1852), Pontastacus leptodactylus (Eschscholtz, 
1823) and Procambarus clarkii (Girard, 1852) are also well established in 
Belgium (Boets et al. 2012, 2016). Most alien crayfish species have only 
been introduced into Europe after 1990, and several are expanding their 
range (Holdich et al. 2009; Kouba et al. 2014). For instance, in 2019 alone, 
three new alien crayfish species were recorded for France – Cherax 
destructor Clark, 1936, Faxonius rusticus (Girard, 1852) and Procambarus 
virginalis Lyko, 2017 (Collas 2019a, b; Vigneron 2019). 
Citation: Scheers K, Boets P, Abeel T, 
Van den Neucker T (2020) First records of 
alien crayfish of the Procambarus acutus 
species complex in Belgium. BioInvasions 
Records 9(3): 562–569, https://doi.org/10. 
3391/bir.2020.9.3.11  
Received: 5 February 2020 
Accepted: 14 May 2020 
Published: 4 July 2020 
Handling editor: Ana Luisa Nunes 
Thematic editor: Karolina Bącela-
Spychalska 
Copyright: © Scheers et al.  
This is an open access article distributed under terms 
of the Creative Commons Attribution License 
(Attribution 4.0 International - CC BY 4.0). 
 OPEN ACCESS. 
 First records of the Procambarus acutus species complex in Belgium 
 Scheers et al. (2020), BioInvasions Records 9(3): 562–569, https://doi.org/10.3391/bir.2020.9.3.11 563 
One of the recently established species in Europe is the eastern white 
river crayfish Procambarus acutus acutus (Girard, 1852). Procambarus 
acutus acutus is a medium sized crayfish with a distinctive dark longitudinal 
dorsal fascia on the abdomen, a rather short rostrum, an open areola and 
black and white tubercles on the claws (Walls 2009). It strongly resembles 
P. zonangulus Hobbs & Hobbs, 1990 and study of the gonopod morphology 
of sexually mature (form I) males is necessary for identification (Swecker et 
al. 2010). According to Hobbs (1989), P. acutus s.l. is a species complex 
which includes P. acutus acutus, P. acutus cuevachicae Hobbs, 1941 and 
P. zonangulus. Further revision of this complex in its native range, using 
genetic methods, is necessary to disentangle this species complex (Filipová 
et al. 2011).  
The native range of P. acutus acutus comprises large parts of the eastern 
United States, from Louisiana and Florida in the south to Minnesota and 
New York in the north (Taylor et al. 2007). However, its exact distribution 
is not well documented because of the taxonomic confusion with the 
morphologically similar P. zonangulus. Within the United States, introduced 
populations of P. acutus acutus occur in California, Connecticut, Kentucky, 
Maine, Massachusetts and Rhode Island (Taylor et al. 2007). In its native 
range, P. acutus acutus inhabits marshes, lakes and sometimes ditches or 
small to medium sized streams (Pflieger 1996). Together with several other 
species from the genus Procambarus, it is known to construct burrows, in 
which specimens can retreat for more than four months (CABI 2015; 
Huner and Barr 1991). In the 1980s, P. acutus was introduced into Egypt in 
the river Nile and seems to be well established there (Ibrahim et al. 1997). 
In Europe, an attempt to deliberately introduce P. acutus for aquaculture in 
Spain in the 1970s proved unsuccessful (Gutiérrez-Yurrita et al. 1999), 
but in 2005 the species was found in the Netherlands (Soes and van 
Eekelen 2006) and subsequently in Great Britain (Kouba et al. 2014). Since 
P. acutus s.l. was first recorded in the Netherlands, the species has 
expanded its range significantly (Soes and Koese 2010). This raises concerns 
that P. acutus s.l. may rapidly spread throughout continental Europe. 
Here, we report the first records of the eastern white river crayfish 
P. acutus acutus and the P. acutus species complex in Belgium. 
Materials and methods 
This paper provides an overview of incidental observations made by the 
authors during two independent sampling campaigns. The first campaign 
concerned a fish inventory of the Molenbeek near Zandhoven (province of 
Antwerp) using electrofishing on May 23, 2019. The Molenbeek is a small, 
slow running lowland river, about 2 m wide, with riparian vegetation 
consisting of grass and sedges. The bottom consists mainly of sand with only 
a very thin silt layer (less than 5 cm). The water was turbid at the moment 
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of sampling. The second campaign carried out on July 17, 2019, concerned 
water sampling in a pond at Verrebroek (province of East-Flanders) as part 
of a monitoring project of aquatic habitats protected by the Habitats 
Directive. At the latter site, after the discovery of the first specimen of the 
P. acutus complex, a short targeted survey was carried out on July 19, 2019 
in search of additional specimens, by looking under stones and amongst 
debris. Following these findings, all crayfish records with photographic 
evidence submitted by citizen scientists to the digital data platform 
www.waarnemingen.be were checked for additional records of the P. acutus 
species complex. 
Results 
On May 23, 2019 a single adult female individual belonging to the P. acutus 
complex was caught as by-catch of electrofishing during the fish inventory 
campaign in the Molenbeek stream (coordinates: 51°13.06′N; 4°42.91′E). 
This female specimen is deposited in the collection of the second author. 
On July 17, 2019, a single dead female specimen of the P. acutus complex 
was found at the edge of a pond at Verrebroek, in the nature compensation 
reserve of Linkeroever (coordinates: 51°15.82′N; 4°11.78′E). During the 
short follow-up survey performed two days later, one live form I male 
(Figure 1) was found underneath a stone in shallow water, in a reed bed at 
the northern littoral zone of the pond. The morphology of the gonopods of 
this specimen (Figure 2) fits the description and figures of P. acutus acutus 
provided by Walls (2009) perfectly. They are notably symmetrical and 
lacking a distinct shoulder at the base of the cephalic process. These distinct 
features distinguish P. acutus acutus from P. zonangulus (Walls 2009) and 
allowed an unambiguous identification of the specimen as P. acutus acutus. 
The identity of this male specimen was confirmed by Dr. Christopher A. 
Taylor of the Prairie Research Institute, Illinois, USA (pers. comm.). 
Additionally, one live subadult female was collected from a burrow in a 
dried out, narrow ditch directly connected to the pond. This burrow 
consisted of molehill-like chimney 15 cm high with a 20–25 cm long 
vertical shaft leading to a chamber filled to about halfway with water 
(Figure 3). The two specimens collected on July 19, 2019 were deposited in 
the collection of the Royal Belgian Institute of Natural Sciences (RBINS) 
under the number I.G.34161 (register numbers INV.138413 (female 
specimen), INV.138414 (male specimen) and INV.138414/1 (first left 
gonopod of male specimen)). 
Two earlier observations of specimens of the P. acutus complex were 
found on the digital data platform www.waarnemingen.be. In both cases 
the specimens were misidentified as P. clarkii. However, P. clarkii has 
distinctive red tubercles on the claws, a closed areola, a long and sharply 
protruding rostrum and lacks the distinctive blackish longitudinal fascia on 
the abdomen (Taylor et al. 2007). The first observation concerned one 
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Figure 1. Male specimen of Procambarus acutus acutus (Girard, 1852) collected at the site 
near Verrebroek. Photo by K. Scheers. 
 
Figure 2. First left gonopod in mesial (left), caudal (middle) and lateral view (right) of form I 
male Procambarus acutus acutus (Girard, 1852) collected at Verrebroek. Photo by K. Scheers. 
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Figure 3. Underground burrow (with top of chimney removed for inside view) at the site near 
Verrebroek. In this burrow, one subadult female of Procambarus cf. acutus acutus was collected. 
Photo by K. Scheers. 
 
Figure 4. Records of Procambarus acutus acutus (Girard, 1852) (red dot) and the P. acutus 
species complex (white dots) in Belgium (1. Verrebroek, 2. Zandhoven, 3. Leest and 4. Zonhoven). 
specimen of the P. acutus complex encountered on July 23, 2013 in a 
private garden in a residential area in Leest (Province of Antwerp) 
(coordinates: 51°2.16′N; 4°24.9′E), most probably escaped from a nearby 
garden pond. The second observation, from July 6, 2017, concerned a single 
specimen photographed on a hiking trail in the nature reserve Wijvenheide-
Noord, near Zonhoven (Limburg) (coordinates: 50°59.64′N; 5°18.6′E). 
These two records were identified here solely based on the photographs of 
specimens in dorsal view available at the www.waarnemingen.be database, 
and were designated as belonging to the P. acutus species complex. 
A map with all the records of the P. acutus complex in Belgium is 
presented in Figure 4. 
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Discussion 
The revision of crayfish observations submitted to the digital data platform 
www.waarnemingen.be by citizen scientists revealed the presence of the 
P. acutus species complex in Belgium as early as 2013. However, the 
photographs provided by the citizen scientists lacked enough detail to 
determine the identity of the observed specimens as being either P. acutus 
acutus, P. acutus cuevachicae or P. zonangulus. As such, the male specimen 
collected at Verrebroek on July 19, 2019 should be regarded as the first 
confirmed record of P. acutus acutus in Belgium, as gonopod morphology 
allowed an unambiguous identification (Walls 2009). The capture of three 
specimens, including one subadult female and an adult pair, may indicate 
the existence of a viable population at Verrebroek. Although it may be 
reasonable to assume that all specimens of the P. acutus species complex 
caught at Verrebroek are, in fact, P. acutus acutus, genetic analyses of P. cf. 
acutus in the Netherlands revealed two divergent mitochondrial lineages 
within the same area, of which one was assigned to P. acutus acutus and the 
other to P. zonangulus (Filipová et al. 2011). Consequently, only genetic 
analysis of the female specimens collected at Verrebroek could provide 
absolute certainty about their identity. 
How species from the P. acutus complex were introduced into Belgium 
is difficult to ascertain. In May 2011, multiple specimens were offered for 
sale in a store specialised in ornamental aquaculture about ten kilometres 
from the site at Verrebroek (T. Abeel pers. obs.). It is likely that specimens 
sold at such stores escaped from garden ponds or have been deliberately 
released (Drake et al. 2015). 
It is unknown to which extent a further range expansion of P. acutus s.l. 
may have adverse effects. However, P. acutus s.l. may impair the stability of 
dykes due to its burrowing activity (Soes and Koese 2010). The species is 
known to construct burrows in which it retreats for reproduction and 
during droughts. Burrows consist of simple vertical shafts 30–40 cm deep, 
ending in an enlarged cul-de-sac, and up to five 15 cm-high chimneys may 
be present at their entrances (CABI 2015). The species can survive in a 
burrow for more than 4 months (Huner and Barr 1991). 
The impacts of this species on native ecosystems are mostly unknown. 
However, they could be similar to those of most other invasive alien 
crayfish, especially of species belonging to the genus Procambarus. Many 
species are known to diminish submerse vegetation and have a negative 
impact on the clarity of the water (increasing turbidity) and, as a consequence, 
also on native biodiversity (Gherardi 2007; Soes and Koese 2010). In 
addition, many species, including P. clarkii, also predate on native 
molluscs, macroinvertebrates, amphibians and fish (Gherardi 2007). The 
native range of P. acutus acutus and P. zonangulus extends to more 
northern latitudes than that of P. clarkii, therefore both species are hardier 
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and tolerate lower temperatures. As such, although P. clarkii is an invasive 
species largely established and widespread in Europe, P. acutus acutus and 
P. zonangulus may have a competitive advantage over P. clarkii in northern 
Europe (Soes and Koese 2010). Several invasive alien crayfish species of 
American origin have been identified as carriers of the fungus Aphanomyces 
astaci Schikora, 1906, which causes crayfish plague (Tilmans et al. 2014), 
the main cause of the decline of native crayfish species in Europe (Holdich 
et al. 2009; Richman et al. 2015). Procambarus acutus is expected to be a 
vector for A. astaci, although this pathogen has not yet been detected in 
P. acutus specimens (Tilmans et al. 2014; CABI 2015). More research on 
the introduced populations of the P. acutus species complex is necessary to 
better understand its potential impacts and invasiveness.  
Early detection and rapid communication towards the authorities of 
potentially invasive species such as P. acutus are crucial for developing 
effective management strategies (Adriaens et al. 2018). Future monitoring 
is necessary to assess the size of the P. acutus species complex populations 
in Zandhoven and Verrebroek and to confirm the presence, or absence, of 
the species in nearby ponds. Although eradication of freshwater crayfish 
species is usually not possible, it may be feasible if the populations are 
small and localized. As such, because the distribution of P. acutus s.l. in 
Belgium is probably still limited, it is urgent to assess the status of these 
populations, to prevent further spread and to evaluate the feasibility of 
eradication. 
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